(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Property 
Organization 
International Bureau 

(43) International Publication Date 
26 May 2005 (26.05.2005) 




PCX 



lllilllllll 


11 


illlllillll 


111 


llllllllllillllBillllillll 



(10) International Publication Number 

wo 2005/046477 A2 



(51) International Patent Classification^: 



A61B 5/15 



(21) International AppUcation Number: 

PCTAJS2004/037788 

(22) International Filing Date: 

12 November 2004 (12.1 1.2004) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/519,232 12 November 2003 (12.1 1.2003) US 

(71) Applicant (for all designated States except US): FACET 
TECHNOLOGIES, LLC [US/US]; 1850 Parkway Place, 
Suite 900, Marietta, GA 30067 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CONWAY, WUIiam, 
E. [USAJSl; 1609 Countryside Place, Smyrna, GA 30080 
(US). RUF, Christopher, J. [US/US]; 2120 Ithica Drive, 



Marietta, GA 30067-7054 (US). IRWIN, John, C. 
[USAJS]; 148 Springwater Trace, Woodstock, GA 30188 
(US). FLYNN, Stephen, J, [USAJS]; 605 Wheatleigh 
Curve, Peachtree City, GA 30269 (US). ROBBINS, AvI, 
M. [US/US]; 539 Timber Ridge Drive, Longwood, PL 
32779 (US). VANHIEL, Brian, D. [US/USl; 3993 Plum- 
crest Circle, Smyrna, GA 30082 (US). LEUTZ, Brian, 
a [USAJS]; 331 Conyers Road, McDonough, GA 30253 
(US). LEVAUGHN, Richard, W. [USAJS]; 532 Sullivan 
Road. Newnan, GA 30265 (US). LIPOMA, Michael, 
V. [USAJS]; 4066 Ai^onne Court, Villa Rica, GA 30180 
(US). 

(74) Agent: GROFF, Bradley, K.; Gardner Groff, RC, 100 
Parkwood Point, 2018 Powers Ferry Road, Suite 800, At- 
lanta, GA 30339 (US). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available)', AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH. CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID. IL, IN, IS, JP, KE, 
KG, KP, KR, KZ. LC, LK, LR, LS. LT, LU. LV, MA, MD, 

/ Continued on next page] 



(54) Tide: LANCING DEVICE AND MULTI-LANCET CARTRIDGE 




< 



^ (57) Abstract: A lancing device and a removable and replaceable multi-lancet cartridge for use in connection therewith are dis- 

^ closed. The multi-lancet cartridge is advanced through sequential lancets, and anti-reverse features prevent reverse advancement of • 

^ the cartridge. Interlocks are provided to prevent double-cocking the device, to reduce the likelihood of jamming of the mechanism. 

1^ Improved trigger mechanisms and depth control mechanisms are provided. 



wo 2005/046477 A2 liiililllillilllllillllllillllllillllllillllilil^ 



MG, MK, MN, MW, MX, MZ, NA, NT, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ. UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK. EE, ES, FI, 
FR, GB, GR, HU, IE. IS, IT, LU, MC, NL, PL, PT, RO, SE, 



SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

PubUshed: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the FCT Gazette. 



wo 2005/046477 



PCT/US2004/037788 



1 

LANCING DEVICE AND MULTI-LANCET CARTRIDGE 

Cross Reference to Related Applications . 

[0001] This application claims the benefit of U.S. Provisional Patent Application 
Serial No. 60/519,232, filed November 12, 2003; the content of which is hereby 
incorporated herein by reference in its entirety. 

Technical Field 

[0002] The present Invention relates generally to medical devices and procedures, 
and to related methods of manufacture; and more particularly to lancing devices for the 
collection and/or analysis of samples of blood or other bodily fluids, and to replaceable 
multi-lancet cartridge assemblies for use in connection with such lancing devices. 

Background of the invention 

[0003] Many medical procedures require puncturing of the skin, and sometimes 
underlying tissues, of an animal or human subject. For example, a sharp lancet tip is 
commonly used to puncture the subject's skin at a lancing site to obtain a sample of blood, 
interstitial fluid or other body fluid, as for example in blood glucose monitoring by diabetics 
and in blood typing and screening applications. 

[0004] In some instances, a person must periodically sample their blood for multiple 
testing throughout the day or week. Because re-use of a lancet can result in infection or 
spread of blood borne contaminants, persons requiring repeated testing often must carry 
multiple lancets with them, which are separately loaded into a lancing device for each 
sampling. This can be inconvenient and may lead to reduced compliance with a prescribed 
test regimen. Additionally, the need for repeated loading and unloading of lancets into a 
lancing device can be quite conspicuous and distracting to others when done in public, 
resulting in reduced compliance by some users. 
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[0005] Accordingly, improved lancing devices have been developed, which are 
capable of carrying out multiple sampling procedures without the need for separately 
loading individual lancets. For example, PCT International Publication No. WO 03/071940 
A1 (International Application No. PCT/US03/05159, filed 20 February 2003), which is 
incorporated herein by reference, discloses a lancing device including a replaceable multi- 
lancet cartridge. Such lancing devices provide considerable advantage over single-lancet 
devices, warranting continued development of related technologies capable of providing 
further improved convenience and discretion in use. 

[0006] It is to the provision of an Improved sampling device and cartridge meeting 
these and other needs that the present invention is primarily directed. 

Summary of the Invention 

[0007] Briefly described, example embodiments of the present invention include an 
improved sampling device that is convenient, compact, and includes multiple lancets in a 
single replaceable cassette or cartridge. The improvements of the present invention 
preferably increase convenience and discretion for the user, thereby encouraging more 
frequent testing and insuring compliance with the subject's prescribed testing regimen. 

[0008] In one aspect, the present invention is a lancing device including a plurality of 
lancets; an advancing mechanism for sequentially advancing the lancets in a first direction 
and bringing an active one of the lancets into engagement with a drive mechanism; and an 
anti-reverse mechanism for preventing advancement of the lancets in a second direction 
opposite the first direction. 

[0009] In another aspect, the invention is a lancing device including a replaceable 
multi-lancet cartridge, a drive mechanism for driving an active lancet of the multi-lancet 
cartridge between a cocked position and a lancing position, and an interlocl< for preventing 
advancement of the cartridge when the drive mechanism is cocked. 
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[0001 0] In still another aspect, the invention is a lancing device including a plurality of 
lancets in an array, and an advancing mechanism to advance through the array of lancets 
and successively bring each of the plurality of lancets Into an active position. The 
advancing mechanism preferably includes indexing means to prevent partial advancement 
of the anray to a position where no lancet is in the active position. 

[00011] In another aspect, the invention is a lancing device including a replaceable 
multi-lancet cartridge having a plurality of lancets associated therewith, and lancet retaining 
means to prevent the lancets from being displaced from the cartridge until advanced into 
an active position. 

[00012] In another aspect, the invention is a replaceable multi-lancet cartridge for a 
lancing device, the cartridge including a plurality of lancets, each lancet having a 
removable endcap associated therewith, and at least one spring for biasing removed 
endcaps out of a path of travel of their associated lancets, the at least one spring being 
initially fiat, and being flexed upon assembly into the cartridge. 

[00013] In yet another aspect, the invention is a lancing device including a drive 
piston, a drive spring for advancing the drive piston, and a return spring for retracting the 
drive piston. One of the drive spring or the return spring surrounds an exterior portion of 
the drive piston, and the other spring is captured within an Intemal recess of the drive 
piston. 

[00014] In another aspect, the invention is a lancing device including a drive piston 
movable between a cocked position and a fired position. The lancing device further 
includes a trigger mechanism having a release member defining an aperture, wherein an 
expanded portion of the drive piston is releasably engageable within the aperture of the 
release member to retain the drive piston in its cocked position until released. 

[00015] In another aspect, the invention is a lancing device for use in combination 
with a multi-lancet cartridge comprising a plurality of lancets, the lancing device including a 
housing, a drive mechanism, an advancing mechanism for bringing the lancets of the multl- 
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lancet cartridge sequentially into engagement witfi the drive mechanism, and a depth- 
control mechanism providing adjustment of a depth of penetration of an active one of the 
lancets. 

[00016] These and other aspects, features and advantages of the invention will be 
understood with reference to the drawing figures and detailed description herein, and will 
be realized by means of the various elements and combinations particularly pointed out in 
the appended claims. It Is to be understood that both the foregoing general description 
and the following brief description of the drawings and detailed description of the invention 
are exemplary and explanatory of preferred embodiments of the invention, and are not 
restrictive of the invention, as claimed. 

Brief Description of the Drawing Figures 

[0001 7] FIGURE 1 is a perspective schematic view of a lancing device and a cartridge 
according to an example embodiment of the invention 

[00018] FIGURES 2a and 2b are a perspective and an assembly view of a multi- 
lancet cartridge according to an example embodiment of the invention. 

[00019] FIGURE 3 is a perspective view of a lancing device according to another 
example embodiment of the invention, having a cartridge loaded therein, and with an upper 
portion of the housing removed for clarity. 

[00020] FIGURE 4 shows the drive mechanism portion of a lancing device according 
to another example embodiment of the invention, including a ratchet mechanism for 
preventing partial cocking. 

[00021] FIGURES 5a - 5c show a torsion spring mechanism for advancing through 
sequential lancets of a lancet cartridge, and to prevent reverse movement and/or partial 
advancement between lancets, in a lancing device according to another example 
embodiment of the invention. 
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[00022] FIGURE 6 shows a rotating advancer mechanism of a lancing device for 
advancing through sequential lancets of a lancet cartridge, according to an example 
embodiment of the Invention. 

[00023] FIGURES 7a and 7b show a leaf spring mechanism for indexing and 
advancement through sequential lancets of a lancet cartridge, and to prevent reverse 
movement of the cartridge, according to another example embodiment of the invention. 

[00024] FIGURES 8a and 8b show an indexer ami mechanism for engagement with 
cooperating features of a lancet cartridge to Index and advance through sequential lancets 
of a lancet cartridge, and to prevent reverse movement of the cartridge, according to 
another example embodiment of the invention. 

[00025] FIGURE 9 shows an embodiment of a lancet cartridge having a lancet- 
retaining ring for preventing lancets from moving radially until advanced Into a firing 
position. 

[00026] FIGURES 1 0a and 1 0b show an embodiment of a lancet cartridge having a 
plurality of molded cantilevers in the cartridge top cover for lancet retention. 

[00027] FIGURES 11a and 11b show a cartridge embodiment having a flat stamped 
spring ring with a plurality of individual spring loops for biasing removed lancet caps out of 
the lancet's travel path. 

[00028] FIGURE 12 shows a cartridge embodiment having transversely-biased spring 
members for biasing removed lancet caps out of the lancet's travel path. 

[00029] FIGURES 1 3a - 1 3c show different embodiments of spring clip members for 
retraction of the protective endcap of each individual lancet. 

[00030] FIGURE 1 4 shows a cartridge embodiment having lancet hold-down snaps 
for retaining individual lancets. 
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[00031] FIGURE 15 shows an anti-rotation interlocl< meclianism for locking the 
cartridge when the drive mechanism is cocked and allowing advancement of the cartridge 
after firing, according to an example embodiment of the invention. 

[00032] FIGURES 1 6a and 1 6b show an anti-rotation interlock mechanism according 
to another embodiment of the invention. 

[00033] FIGURE 17 shows another embodiment of a lancing device according to the 

present invention, having a spring-biased plunger for indexing and advancement through 
sequential lancets of a lancet cartridge, and to prevent reverse movement of the cartridge. 

[00034] FIGURE 18 shows another embodiment of a lancing device, including a 
cantilevered spring arm for preventing double-cocking of the lancing device. 

[00035] FIGURE 19 shows a lancet drive mechanism of a lancing device according to 
an example embodiment of the invention, having an in-line configuration of the drive and 
retum springs. 

[00036] FIGURE 20 shows a lancet drive mechanism of a lancing device according to 
another embodiment of the invention, having the drive and retum springs in a laterally- 
offset configuration. 

[00037] FIGURE 21 shows a trigger mechanism for a lancing device according to an 
example embodiment of the invention, having a transversely-sliding cage for engaging and 
releasing the drive piston. 

[00038] FIGURES 22 - 26 show trigger mechanisms according to alternate 
embodiments of the invention, having shutter mechanisms for engaging and releasing the 
drive piston. 

[00039] FIGURES 27a and 27b show another embodiment of a trigger mechanism for 
a lancing device, having a flexing trigger button arm with a shutter aperture at its free end. 
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[00040] FIGURE 28 shows another embodiment of a trigger mechanism for a lancing 
device, having a flexing trigger button element integrally molded with the drive piston. 

[00041] FIGURES 29a and 29b show another embodiment of a trigger mechanism for 
a lancing device, having a hinged trigger button. 

[00042] FIGURE 30 shows a rotational depth-control mechanism for a lancing device, 
according to an example embodiment of the invention. 

[00043] FIGURE 31 shows a pivotal depth-control member for a lancing device. 

[00044] FIGURE 32 shows a translational depth-control mechanism for a lancing 
device. 

[00045] FIGURE 33 shows a screw-driven translational depth-control member for a 
lancing device. 

[00046] FIGURES 34-36 show several alternate embodiments of a rotating 6\sk 
depth-control member for a lancing device. 

[00047] FIGURE 37 shows a cam slot driven translational depth-control mechanism 
for a lancing device. 

[00048] FIGURE 38 shows a screw slot driven translational depth-control mechanism 
for a lancing device. 

[00049] FIGURE 39 shows a geared translational depth-control mechanism for a 
lancing device. 

[00050] FIGURE 40 shows a multi-shutter depth-control mechanism for a lancing 
device. 

[00051 ] FIGURE 41 shows alternate forms of direct and indirect actuation of depth- 
control mechanisms for a lancing device. 
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[00052] FIGURES 42 and 43 show a alternate fomis of pivotal depth-control 
mechanisms for a lancing device. 

[00053] FIGURE 44 shows an extensible Iris depth-control mechanism for a lancing 
device. 

[00054] FIGURE 45 shows a pivoting panel depth-control mechanism for a lancing 
device. 

[00055] FIGURE 46 shows a slotted depth-control mechanism for a lancing device. 

[00056] FIGURE 47 shows a flexible strip depth-control mechanism for a lancing 

device. 

[00057] FIGURE 48 shows a gear-driven translatlonal depth-control mechanism for a 
lancing device. 

[00058] FIGURE 49 shows a removable member depth-control mechanism for a 
lancing device. 

[00059] FIGURES 50-53 show altemate embodiments of rotational member depth- 
control mechanisms for a lancing device. 

[00060] Detailed Description of Example Embodiments 

[00061] The present invention may be understood more readily by reference to the 
following detailed description of the invention taken In connection with the accompanying 
drawing figures, which fonm a part of this disclosure. It Is to be understood that this 
invention is not limited to the spiecific devices, methods, conditions or parameters 
described and/or shown herein, and that the terminology used herein is for the purpose of 
describing particular embodiments by way of example only and is not Intended to be 
limiting of the claimed invention. Also, as used in the specification including the appended 
claims, the singular forms "a," "an," and "the" include the plural, and reference to a 
particular numerical value Includes at least that particular value, unless the context clearly 
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dictates otherwise. Ranges may be expressed herein as from "about" or "approximately" 
one particular value and/or to "about" or "approximately" another particular value. When 
such a range is expressed, another embodiment includes from the one particular value 
and/or to the other particular value. Similarly, when values are expressed as 
approximations, by use of the antecedent "about," it will be understood that the particular 
value forms another embodiment. 

[00062] In its various embodiments, the present invention provides an improved 
lancing device 10, preferably for use in combination with a replaceable multi-lancet 
cartridge 12, as shown schematically for example in FIGURE 1. While the improvements 
of the present invention are adaptable for application in connection with various forms of 
multi-lancet lancing devices, PCT International Publication No. WO 03/071940 A1, 
incorporated herein by reference, shows an example form of a multi-lancet lancing device 
to which the improvements of the present invention are of potential application. It will be 
recognized that the improvements disclosed herein are of individual advantage, or can be 
used in combination with one another. In general, the lancing device 10 of the present 
invention comprises a housing defining a chamber for receiving the cartridge; a drive 
mechanism for propelling an active lancet of the cartridge through a lancing stroke, from a 
retracted position within the cartridge to an advanced position wherein a sharp tip of the 
active lancet projects through a lancet opening in the housing to pierce the subject's skin at 
an intended lancing site; a charging mechanism for energizing the drive mechanism; and 
an advancing mechanism for sequentially advancing lancets of the cartridge into and 
through the active position. Various of these mechanisms can be combined; for example, 
a single mechanlsm.optionally serves to energize the drive mechanism and simultaneously 
or sequentially advance the cartridge. 

[00063] FIGURE 2 shows a replaceable multi-lancet cartridge 12 according to an 
example embodiment of the present invention. The cartridge 12 preferably comprises a 
lancet carrier or base 1 4, preferably defining a plurality of lancet guide tracks through which 
individual lancets traverse upon actuation, defining their respective lancing strokes. The 
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cartridge 12 preferably comprises a plurality of lancets 16, each slideable within a 
corresponding guide track. Each lancet 16 preferably comprises a lancet body having a 
sharp lancet tip projecting therefrom, and a removable protective endcap covering the 
sharp lancet tip. One or more bjasing members 18 are preferably provided, for moving 
protective endcaps removed from the lancets out of the path of travel of each active lancet 
as it traverses its lancing stroke. A cover 20 preferably overlies the lancets and couples 
with the base 14 to provide an enclosure. The cover optionally comprises numerical or 
other indicia, observable from the exterior of the lancing device when in use, showing 
which lancet is in use, and/or how many lancets remain for use, and/br that ttie device is 
full (unused cartridge) and/or empty (fully used cartridge). 

[00064] FIGURE 3 shows a lancing device 10, with its upper housing half-shell 
removed for clarity, having a multi-lancet cartridge 1 2 installed therein. The upper housing 
half-shell would be pivotally connected to the lower housing half-shell by a hinge coupling 
22, as partially depicted. An arm 24 is pivotally operable to advance the cartridge to bring 
sequential lancets 16 of the cartridge into the active position, and to energize the drive 
niechanism and de-cap the active lancet. An activation button or trigger 26 releases the 
drive mechanism to propel the active lancet through its lancing stroke. A depth-control 
mechanism 28 is provided, to allow the user to selectively adjust the penetration depth of 
the lancet. 

Advancing and Indexing 

[00065] Example embodiments of the lancing device of the present invention 
preferably include one or more mechanisms for advancing through sequential lancets of a 
multi-lancet cartridge or lancet array, for indexing the advancement to prevent partial 
advancement of the cartridge to a position between lancets wherein no lancet is in the 
active position, to prevent double-cocking the device and thereby advancing a lancet into 
and through the active position without using that lancet, and/or to prevent reverse 
operation and potential re-use of a lancet. 
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[00066] For example, FIGURE 4 shows an anti-reverse mechanism for a multi-lancet 
lancing device according to an example embodiment of the present invention, A ratchet 
and pawl mechanism 40 allows the device to be advanced through sequential lancets of a 
lancet array in or on a lancet cartridge, and prevents reverse movement and/or partial 
advancement between lancets. As the drive piston 42 is energized, a contact surface 44 
preferably engages the pawl 46 at the limit of its travel, releasing the ratchet 48 to allow the 
advancing and/or arming mechanism to return to its normal or default position. In this 
manner, the advancing mechanism operates in a back-and-forth manner, wherein the user 
actuates the mechanism in a first or forward direction in engagement with the cartridge to 
advance the cartridge to the next lancet, and in a second or reverse direction out of 
engagement with the cartridge to return the mechanism to its original postion. In altemate 
embodiments, the advancing mechanism is actuated continuously in one direction (i.e., 
clockwise or counter-clockwise) through all the lancets of the cartridge, without the need for 
any return stroke. 

[00067] FIGURES 5a - 5c show another embodiment of an anti-reverse mechanism, 
including a torsion spring 50 for engagement with cooperating detents 52 In the cartridge, 
forming a ratchet mechanism to allow the cartridge to advance through sequential lancets, 
and to prevent reverse movement of the cartridge. The mechanism preferably also 
provides indexing of the advancement through sequential lancets, to prevent partial 
advancement between lancets. In altemate embodiments, a frictlonal clutch mechanism is 
provided to prevent reverse movement of the cartridge. 

[00068] FIGURE 6 shows a rotational advancing mechanism 60 for a multi-lancet 
lancing device according to an example embodiment of the invention. The advancing 
mechanism includes an extemal rotating advancer knob 62, coupled to an intemal 
advancer 64 that engages the cartridge to advance through sequential lancets when the 
user rotationally actuates the knob. 
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[00069] FIGURES 7a and 7b show an anti-reverse mechanism for a multi-lancet 
lancing device according to an example embodiment of the invention, including a leaf 
spring 70 having a tooth or finger 72 for engagement with cooperating detents 74 in the 
lancet cartridge for indexing and advancement through sequential lancets of the cartridge, 
and to prevent reverse movement of the cartridge. 

[00070] FIGURES 8a and 8b show an advancing knob 80 having an indexer amn 82 
mounted, as by heat staking or adhesive, to a central hub 83 of the knob. The arm 82 is 
preferably formed as a double-ended flexible metal member. Each end of the arm 
preferably includes a first angled finger 84 for engagement with cooperating features of the 
lancet cartridge to index and advance the cartridge through sequential lancets, and a 
second angled finger 86 for tracking a cam surface within the lancing device housing to flex 
the indexer arm 82 into and out of engagement with the cartridge at the appropriate 
location of the actuation sequence. This mechanism allows the advancing knob 80 to be 
rotationaliy actuated in a single direction, 1 80° per index step, without the need for a retum 
stroke. Symmetrical guidance and advancing features 88 are preferably arranged adjacent 
the angled fingers at either end. 

Lancet and Endcap Retention 

[00071] Example embodiments of the lancing device of the present invention 
preferably also comprise features for retaining lancets in position in or on a multi-lancet 
cartridge until advanced into engagement with the drive mechanism at the active lancet 
position. In this manner, inadvertent discharge of lancets from a cartridge, jamming, and/or 
noise due to rattling of loose lancets in a cartridge is prevented. The lancing device 
preferably also includes features for displacing protective endcaps that are removed from 
the active lancet out of the lancet's path of travel along the lancing stroke, and retaining the 
removed endcaps. 

[00072] For example, FIGURE 9 shows a multi-lancet cartridge 90 according to an 
example embodiment of the invention having a lancet-retaining ring 92 for preventing 
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lancets from moving radially until advanced Into a firing or "active" position beneath a split 
or open segment of the ring 92. A retaining pin or projection 94 can be provided on each 
lancet for engagement with a cooperating track, channel or edge of the ring. The ring 92 
optionally includes a limit member 96 to prevent further advancement of the lancet 
cartridge after It has been advanced through ail of the lancets, to prevent re-use of lancets. 

[00073] FIGURES 10a and 10b show an embodiment of the invention having a 
plurality of molded cantilevers 100 formed In a top cover portion of the cartridge for 
retaining lancets in position in the cartridge until the lancet is advanced Into the active 
position. A lancet retaining pin 1 02 on each cantilever engages a respective lancet 1 04 to 
secure it in position, until the lancet Is advanced into the active position, wherein a lifter 106 
engages the cantilever 100 to flex it out of engagement with the active lancet 104, 
releasing the lancet for firing. 

[00074] FIGURES 11a and 11b show a cartridge cover 110 having a fiat stamped 
spring ring 1 12 with a plurality of individual spring loops 114 mounted thereon. The spring 
ring 1 12 is preferably attached to the cover 1 10 by press-fitting holes of the spring ring onto 
Tinnennan-style pins, and a raised ring or flange 116 projecting from the cover causes 
each of spring loops 1 14 to be outwardly deflected during assembly to preload the loops to 
bias the endcaps out of the plane of the lancet anay upon removal from the lancet at the 
active position. The provision of a flat spring ring mounted in this manner has been found 
to provide easier and less expensive manufacture and handling during assembly than 
forming a pre-bent spring member. For furt:her advantage during assembly, a plurality of 
such spring rings may be provided in a connected strip, or in a stacked array, for 
automated dispensing during production. 

[00075] FIGURE 12 shows a cartridge 120 having a transversely-biased spring 
member 122 engaging the protective cap 124 of each lancet 126, for lateral, in-plane 
removal of the lancet cap. The spring member 122 is pre-loaded upon assembly, so that 
upon removal of the cap 124 from a lancet 126, the spring member pulls the cap to the 
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side, out of the active lancet's path of travel. This configuration allows removed endcaps to 
be stored in the same plane as the lancet array, yet still out of the active lancet's path of 
travel, thereby reducing the necessary cartridge thickness as compared to cartridges that 
store the removed endcaps In a well or recess beneath or above the plane of the. lancets. 

[00076] FIGURES 1 3a - 1 3c show alternate embodiments of individual spring clips 
130, for use in a multi-lancet cartridge providing a separate spring clip member for 
engagement and retraction of the protective endcap of each Individual lancet. In further 
alternate embodiments, two or more (for example, 2, 4, 6 or 10) connected spring clips are 
formed as a spring segment or strip, and multiple segments are installed with a spring clip 
engaging each lancet endcap. 

[00077] FIGURE 14 shows a portion of a cartridge according to another embodiment 
of the invention, having resilient lancet hold-down snaps 140 for holding the lancets in 
place during assembly and use. The lancet is able to slide freely between the hold-down 
snaps, but the snaps prevent the lancets from being displaced from the cartridge. The 
snaps optionally also serve as directional guides for the lancet's travel during firing. 

Cartridge Alignment 

[00078] Example embodiments of the lancing device of the present invention 
preferably also include anti-rotation interiock features for fixing the cartridge In position 
when the drive mechanism of the device is charged (i.e., in its cocked configuration). In 
this manner, proper lancet alignment is maintained, and vibration and play in the drive 
mechanism are reduced. 

[00079] For example, FIGURE 15 shows an anti-rotation interiock mechanism for a 
multi-lancet lancing device, comprising an arm 150 projecting from the distal end of the 
drive piston 152, opposite the lancet, engaging jaw 154. The arm engages a cooperating 
recess or other surface feature of the lancet cartridge when the drive mechanism is 
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cocked, to prevent motion of the cartridge, but to allow advancement of the cartridge after 
firing. 

[00080] In other example embodiments, such as shown in FIGURES 16a and 16b, 

the anti-rotation interlocl( features comprise a locking bolt 160, which is retracted upon 
contact with the drive piston 162 when the drive mechanism is cocked, to engage the 
lancet cartridge and lock it in position. A projection 164 on the lower face of the locking 
bolt 160 interfaces with a cooperating feature on the advancing mechanism to block further 
advancement of the cartridge and thereby prevent double-cocking and/or potential 
jamming. In other embodiments, the device Includes a ratcheting retaining ring for 
retaining the lancets in place and for preventing double-cocking and/or re-use by 
preventing rotation of the lancet cartridge when the device is cocked. 

[00081] FIGURE 1 7 shows an embodiment of the invention including a spring-biased 
plunger 170 having an Inclined shoulder for engagement with cooperating detents in the 

lancet cartridge to index the cartridge as it is advanced through sequential lancets of the 
cartridge, and to prevent reverse movement of the cartridge. 

[00082] The multi-lancet cartridge of the present invention optionally also includes a 
break-away section that differentiates a new cartridge from a used cartridge, to prevent 
accidental re-use of a potentially contaminated lancet. For example, a flag or indicator can 
be provided for manual displacement by the user, or which is automatically broken off of 
the cartridge or othenwise displaced upon insertion into the housing or upon initial 
advancement or firing. In its various embodiments, the cartridge can be assembled using 
assembly methods including one or more of: ultra-sonic welding, snaps, crush pins, solvent 
bonding, adhesive, thermal welding, and/or laser welding. 

Drive Mechanism and Actuation 

[00083] Example embodiments of the lancing device of the present invention 
preferably also include an improved drive mechanism, and/or an improved actuation (i.e., 
trigger) mechanism. For example, FIGURE 1 8 shows a portion of a drive mechanism for a 
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multi-lancet lancing device according to an example embodiment of the invention, includjng 
a cantilevered flexing interlock spring arm 180 for engagement with a cooperating interlock 
fin 182 on the drive piston, and a re-inforcement rib 184 in the mechanism base, to 
prevent double-cocking of the lancing device, thereby reducing the likelihood of jamming. 
In the depicted sequence of operation, the piston 182 Is in its forward (fired) position when 
the user begins turning the advancer. The interlock ami 180 moves past the piston, and 
the piston locks In its reanvard (charged) position. The advancer is then moved back along 
its return stroke, and the interlock ami 180 deflects under the piston 182. The interlock 
180 then flexes back up, locking the advancer. The piston is charged, and the 
reinforcement rib 184 prevents the interlock fin of the piston 182 from bending. 

[00084] FIGURE 19 shows a drive mechanism including an in-line piston assembly 
190, having one of the drive spring 192 or return spring 194 externally mounted thereon, 
abutting against an exterior shoulder; and the other of the drive or retum springs intemally 
mounted within a bore in the distal end of the piston, in a coaxial nested manner. The 
opposed springs operate in tandem to advance and retract the piston (and the active lancet 
coupled thereto) through its lancing stroke. 

[00085] FIGURE 20 shows another embodiment of a drive mechanism, including a 
laterally offset retraction spring 200 alongside the drive piston 202, and in the plane of the 
array of lancets in or on the cartridge. The retraction spring 200 operates against a 
laterally projecting arm 204 of the piston 202. The drive spring 206 is in line with the piston 
202, and operates against the distal end of the piston. 

[00086] FIGURE 21 shows an improved trigger mechanism according to an example 
embodiment of the invention. Actuation of the release button 210 drives a finger 212 
connected to the button along an inclined surface 214 of a sliding cage 216, moving the 
cage transversely, and moving a sear surface 21 7 out of engagement with the drive piston 
218 to release the piston and fire the device. 
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[00087] FIGURES 22 - 26 show various alternate embodiments of shutter trigger 
mechanisms according to example forms of the invention. In general, a barb or expanded 
portion 220 extending from the drive piston 222 releasably engages within an aperture 224 
formed In a shutter or release member 226. The release member 226 is actuated to 
release the barb or expanded portion 220 from engagement with the aperture 224 to fire 
the lancing device. In the embodiment of FIGURE 26, a keyhole aperture 224 includes a 
large diameter portion allowing passage of expanded portion 220 therethrough, and a 
smaller diameter portion for engagement witii a portion of the drive piston having a reduced 
diameter. An actuator button 228 or other member Is preferably provided extemal of the 
lancing device housing, with a finger or other projection 230 extending through the housing 
into contact with the release member to actuate the device. One or more spring members 
232 are preferably provided to return the shutter to the ready state after firing. 

[00088] FIGURES 27a and 27b show a flexing trigger button mechanism having an 
actuator button 270 mounted to a flexing arm 271 , coupled to a release member 272 
having an aperture 274 formed therein for releasably engaging a barbed or angled arm 276 
projecting from the distal end of the drive piston 278. Pressing the button 270 moves the 
release member 272 out of engagement with the arm 276 to release the piston 278 and fire 
the device. In the embodiment of FIGURE 28, a trigger release member 280 is integraly 
molded with the drive piston 282. 

[00089] FIGURES 29a and 29b show a hinged trigger mechanism having a release 
button 290 on one side of a fuicmm 292, and a release or sear surface 294 on the opposite 
side of the fulcrum. Pressing the button 290 downward raises the sear surface 294 out of 
engagement with a cooperating trigger arm 296 projecting from the drive piston, releasing 
the drive piston to fire the device. A return spring 298 is preferably unitarily molded Into 
the trigger mechanism. 

[00090] In other embodiments, the device Includes a trigger molded Into the top cover 
of the lancet cartridge. For example, a trigger button and release ami may be Integrally 
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molded with the top cover, as by forming at least a portion thereof of a flexible material. In 
still other alternate embodiments, a cantilevered trigger ami extends alongside the drive 
piston, and has a free end in releasable engagement with a cooperating surface of the 
drive piston. The free end of the trigger ami is flexed out of engagement with the drive 
piston to fire the device. 

Depth Adjustment 

[00091] Example embodiments of the lancing device of the present invention 
preferably also include improved depth control features for enabling the user to selectively 
vary the depth of penetration of the lancet tip into the sl^in at the lancing site. For example, 
FIGURE 30 shows a depth control mechanism according to an example embodiment of the 
invention, having a rotating plate 300 with multiple openings 302 therethrough for providing 
lancing depth adjustment. Depth adjustment can be accomplished, for example, by 
providing openings of different depth and/or diameter through a wall of the plate 300, by 
forming the wall of the plate to have different thicl<nesses at different points along its 
length, and/or by forming the wall to be radially offset by differing amounts at different 
angular positions. Rotation of the plate within the housing of the lancing device, for 
example by means of an external actuator member, brings the desired opening into 
alignment with the lancet opening through the housing. 

[00092] FIGURE 31 shows a pivotal stroke-limiting depth control stop 31 0. The lancet 
impacts a generally arcuate contact face having a stepped surface with a plurality of 
stroke-limiting suri'aces 312, each providing a different penetration depth. The user pivots 
the depth stop about an axis 314 to position the contact face with the selected portk>n of its 
stepped surface in line for contact with the active lancet to select the desired lancing depth. 

[00093] FIGURE 32 shows a sliding plate depth-control mechanism 320 with a dial 
member 322 having an eccentric hub 324 rotationally mounted within a cooperating 
opening of a translationally sliding plate member 326. Rotation of the dial 322 adjusts the 
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position of a contact face 328 surrounding the lancet opening of the lancing device 
housing, to vary the depth of penetration. 

[00094] In alternate embodiments, replaceable lancet cartridges are provided in 
different "sizes" for providing different lancing depths. For example, cartridges can be sold 
in "shallow", "medium" and "deep" sizes, and the user purchases the desired size. The 
cartridges are interchangeable for use with a standard lancing device, and the variation in 
depth can be provided, for example, by varying the lancet needle length, the wall thickness, 
etc. In still other embodiments, a positional adjustment mechanism such as a screw-driven 
rack is provided for varying the position of the cartridge and/or the drive mechanism within 
the housing of the lancing device. In still other embodiments, the position or spring 
constant (stiffness) of the return spring and/or the drive spring of the lancet drive 
mechanism can be varied to provide depth control. 

[00095] FIGURE 33 shows a depth control mechanism incorporating a movable 
throttle plate 330 having front and back stops that move in tandem via actuation of a 
positioning screw 332 to provide depth adjustment. 

[00096] The depth control mechanism of FIGURE 34 includes a circular threaded 
plate 340 with a fancet opening through its center, mounted within a cooperatively threaded 
opening 342 in the lancet device housing 344. The plate is turned to screw it in and out 
relative to the wall of the housing, providing a variable inner contact surface for limiting the 
stroke of the lancet, and/or a variable depth recess surrounding the lancet opening, for 
lancing depth control. 

[00097] FIGURE 35 shows a depth control mechanism comprising a circular depth 
wheel 420 rotationally mounted to the housing 422, and having a plurality of lancet 
openings 424 of differing diameter angularly offset from one another. The user rotates the 
wheel 420 to bring a selected one of the lancet openings into alignment with the path of 
travel of the active lancet, thereby varying the penetration depth. Numerical or other indicia 
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426 on or coupled to the depth wheel 420 are optionally provided, visible from the exterior 
of the housing, to inform the user of the selected penetration depth. 

[00098] FIGURE 36 shows a depth control mechanism comprising a tapered- 
thickness depth wheel 360 rotationally mounted to the housing. The depth wheel defines a 
plurality of angularly offset lancet openings, and has a wall thickness that varies about its 
circumference (I.e., different thicknesses at different angular displacements around the 
disk). The varying wall thickness allows the user to select the desired lancing depth by 
rotating the depth wheel to bring a selected one of the lancet openings Into alignment with 
the path of travel of the active lancet. 

[00099] The depth control mechanism of FIGURE 37 comprises a sliding plate 370 
with an adjustable-position contact face 372 for placement against the lancing site to vary 
the depth of penetration. A pin 374 on the plate is engaged within an eccentrlcly arcuate 
cam slot 376 of a depth-adjustment wheel 378, which the user rotates to vary the position 
of the contact face relative to a lancet stroke-limiting surface of the housing, to adjust the 
penetration depth. 

[000100] FIGURE 38 shows a depth control mechanism having a sliding plate 380 with 
an adjustable-position contact face 382 for placement against the lancing site to vary the 
depth of penetration from lancing. A screw-drive mechanism 384 provides adjustment of 
the position of the contact face. FIGURE 39 shows a similar depth control mechanism 
having a sliding plate 390 with an adjustable-position contact face 392 for placement 
against the lancing site to vary the depth of penetration from lancing. A gear-driven 
threaded rod 394, with an end engaged in a threaded sleeve portion of the sliding plate 
390, provides adjustment of the position of the contact face. 

[000101] FIGURE 40 shows a depth control mechanism having one or more shutters 
400 for varying the effective wall thickness of the housing of the lancet device to control 
lancing depth. Each shutter has a lancet opening therethrough, and can be moved 
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between a first position wherein its lancet opening is aligned with the path of travel of the 
active lancet, and a second position away from the path of travel of the active lancet. As 
successive shutters are moved to their respective first positions, their cumulative thickness 
increases the spacing between the fon/vard face of the lancet body and the lancing site, 
thereby decreasing the penetration depth. Adjacent shutters are radially offset from one 
another, so that one, two, or more of the shutters can be selectively opened or closed to 
vary the lancing depth. 

[0001 02] The depth control mechanism can comprise a depth control member 410 that 
is rigidly attached or integrally fomried with an adjustment member 412, as shown for 
example in FIGURE 41a, wherein an Inclined depth control member having a varying 
thickness along its length projects radially from the adjustment knob. Altematlvely, the 
depth control mechanism comprises separate depth control and adjustment members 
directly or indirectly coupled by gearing or other linkage means, as shown for example in 
FIGURES 41b -41f. 

[000103] The angular position of the pivotal depth control member 420a of FIGURE 
42a is adjusted via gear drive 422a to selectively position one of the stepped contact faces 
424a to limit the stroke of the lancet. The angular position of the pivotal depth control 
member 420b of FIGURE 42b is adjusted via a toggle lingage 422b having a sliding pivot 
joint 424b, to selectively position one of the stepped contact faces 426b to limit the stroke 
of the lancet. 

[000104] The depth control mechanism of FIGURE 43 includes an axial spur gear 430 
mounted to the adjustment knob 432, driving a toothed track 434 to align a selected 
contact face portion of the depth control member 436 to limit the stroke of the lancet and 
thereby control penetration depth. The depth control member can comprise a stepped 
contact face (436), or an inclined contact face (436'). A detent cantilever 438 Is optionally 
provided, contacting the toothed surface of the spur gear 430 for indexing and tactile 
feedback to the user. 
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[0001 05] The depth control mechanism of FIGURE 44 comprises an adjustable-width 
sliding iris having opposed halves 440a, 440b that can be moved closer to or further away 
from one another to reduce or increase the opening size, thereby varying the extent to 
which the subject's skin may bulge into the opening to vary penetration depth. A larger 
opening size allows the skin of the lancing site to be received further therein for deeper 
lancing, and a smaller opening size providing shallower lancing. FIGURE 45 shows a 
depth control mechanism having a pivoting contact plate 450, the position of which is 
angularly variable relative to the position of the lancing cartridge 452, by means of a hinged 
connection 454 to the housing 456, to adjust the depth of penetration. 

[0001 06] FIGURE 46 shows a depth control mechanism having a contact face 460 for 
placement against the skin at the lancing site, the contact face comprising a tapered slot 
462, wider at one end than at the other. Adjustment of the positton of the tapered slot 
relative to the lancet opening 464 varies the effective opening size, thereby varying the 
depth of penetration. 

[0001 07] FIGURE 47 shows a depth control mechanism having a flexible sliding band 
470 defining a contact face for placement against the skin at the lancing site, and 
selectively movable across the housing in front of the housing's lancet opening. The 
thickness of the band 470 varies along its length, and/or the dimension of the opening(s) 
472 through the band varies, to provide lancing depth adjustment. A geared adjustment 
knob 474a, or pin-and-detent slide coupling 474b provide positional adjustment of the band 
470 relative to the housing. The geared face of the adjustment knob 474a can operate 
vertically on a toothed surface on the front or back face of the band as shown, or can 
operate horizontally on a toothed suri'ace on the top or bottom edge of the band. Depth 
indicators can be provided on or adjacent the adjustment knob (476a) or the slide coupling 
(476b); and/or along the band (476b') for viewing through a window adjacent the openings. 
Optionally, the band 470 can be moved completely out of the way of the lancet opening 
through the housing, to provide maximum lancing depth, as for alternate site lancing. In 
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alternate forms, the band slides within the housing, behind a contact surface for placement 
against the skin at the lancing site, to limit the stroke of the lancet and/or to vary the 
opening size, and thereby control penetration depth. 

[000108] The depth control mechanism of FIGURE 48 comprises a rack-and-pinion 
drive mechanism 480 for advancing and retracting the position of a sliding plate 482 along 
a first axis (indicated by directional arrow 484), the sliding plate having a contact face for 
contact with the skin at the lancing site, to adjust lancing depth. Optionally, the sliding 
plate 482 can slide along a second axis (indicated by directional arrow 486), perpendicular 
to the first axis, to move the plate out of the path of the active lancet for maximum 
penetration depth, as for alternate site lancing. 

[000109] FIGURE 49 shows a depth control mechanism having a depth adjustment 
insert member 490 with a flange selectively insertable or removable to and from the device 
housing 492 adjacent the lancet opening 494, to limit the stroke of the lancet 496 and 
thereby vary depth of penetration. 

[0001 1 0] FIGURE 50 shows a depth control mechanism having an outer housing 500 
with openings of different sizes, and an inner mechanism 502 rotationally mounted within 
the housing to select one of the openings for alignment with the active lancet, and thereby 
control lancing depth. FIGURE 51 shows a depth control mechanism having an external 
sliding plate 510 with varying wall thickness and/or opening sizes, which is selectively 
movable along the housing to align one of the openings with the active lancet and thereby 
vary the lancing depth. The sliding plate 51 0 optionally serves also as a latch to secure the 
upper and lower housing halves to one another. 

[000111] FIGURE 52 shows a depth control mechanism having a continuous depth 
adjustment ring 520 rotationally captured between the lancing device mechanism base 522 
and the bottom housing enclosure 524. The ring 520 has varying opening sizes and/or wall 
thickness to control lancing depth. One or more portions of the ring 520 are accessible 
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from the exterior of the housing through opening(s) 526 in the bottom housing enclosure 
524, to permit rotational adjustment of the ring by the user. 

[000112] FIGURE 53 shows a depth control mechanism having a depth adjustment 
band 530 movably mounted along the outside of the housing, and having varying opening 
sizes and/or wall thickness to control iancing depth. A sliding adjustment knob 532 is 
preferably provided for controlling the positioning of the depth adjustment band 530. 

[000113] While the invention has been described with reference to preferred and 
example embodiments, it will be understood by those skilled in the art that a variety of 
modifications, additions and deletions are within the scope of the invention, as defined by 
the following claims. 
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CLAIMS 

What is claimed is: 

1 . A lancing device comprising a plurality of lancets; an advancing mechanism for 
sequentially advancing the lancets in a first direction and bringing an active one of the 
lancets into engagement with a drive mechanism; and an anti-reverse mechanism for 
preventing advancement of the lancets in a second direction opposite the first direction. 

2. The lancing device of Claim 1 , wherein the plurality of lancets are arrayed within a 
multi-lancet cartridge. 

3. The lancing device of Claim 1 , wherein the anti-reverse mechanism comprises a 
ratchet and pawl. 

4. The lancing device of Claim 1 , wherein the anti-reverse mechanism comprises a 
torsion spring. 

5. The lancing device of Claim 1 , wherein the anti-reverse mechanism comprises a 
spring-loaded plunger. 

6. The lancing device of Claim 1 , wherein the advancing mechanism comprises a 
rotationaliy-mounted advancing Icnob. 

7. The lancing device of Claim 6, wherein the advancing knob is rotational in a first 
rotational direction only. 

8. The lancing device of Claim 6, wherein the advancing i^nob is rotational in a first 
rotational direction along an advancing strol<e to advance the lancets, and in a second 
rotational direction opposite the first rotational direction along a retum strol<e to return the 
advancing mechanism to a ready state. 

9. The lancing device of Claim 8, further comprising means for preventing partial 
advancement of the lancets by preventing retum of the advancing mechanism in the 
second direction until a full advancing stroke is completed. 
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10. A lancing device comprising a replaceable multi-lancet cartridge, a drive mechanism 
for driving an active lancet of the multi-lancet cartridge between a cocked position and a 
lancing position, and an interiock for preventing advancement of the cartridge when the 
drive mechanism is cocked. 

1 1 . The lancing device of Claim 10, wherein the interiock comprises an arm projecting 
from the drive mechanism, for engaging a cooperating surface feature of the multi-lancet 
cartridge when the drive mechanism is cocked. 

12. The lancing device of Claim 10, wherein the interiock comprises a locking bolt that is 
retracted upon contact with the drive mechanism when cocked, to engage the lancet 
cartridge and lock it in position. 

13. A lancing device comprising a plurality of lancets in an array, and an advancing 
mechanism to advance through the array of lancets and successively bring each of the 
plurality of lancets into an active position, wherein the advancing mechanism comprises 
indexing means to prevent partial advancement of the an^y to a position where no lancet is 
in the active position. 

14. The lancing device of Claim 13, wherein the array of lancets are in a replaceable 
multi-lancet cartridge. 

1 5. The lancing device of Claim 1 4, wherein the indexing means comprises a series of 
spaced recesses formed In the exterior of the multi-lancet cartridge, and a flexible member 
for releasable engagement within at least one of the recesses. 

16. The lancing device of Claim 15. wherein the flexible member comprises an amn 
having a first angled finger for engagement with one of the recesses of the lancet cartridge, 
and a second angled finger for tracking a cam surface to flex the first angled finger into and 
out of engagement with the cartridge. 
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17. A lancing device comprising a replaceable multi-lancet cartridge having a plurality of 
lancets associated therewith, and lancet retaining means to prevent the lancets from being 
displaced from the cartridge until advanced into an active position. 

1 8. The lancing device of Claim 1 7, wherein the lancet retaining means comprise a split 
retaining ring. 

19. The lancing device of Claim 17, wherein the lancet retaining means comprise a 
plurality of molded cantilevers formed in a top cover portion of the cartridge. 

20. The lancing device of Claim 17, wherein the lancet retaining means comprises at 
least one resilient hold-down snap for retaining each lancet in the cartridge. 

21 . The lancing device of Claim 1 7, wherein the retaining means further comprise a limit 
member to prevent re-use of lancets in the cartridge. 

22. A replaceable multi-lancet cartridge for a lancing device, the cartridge comprising a 
plurality of lancets, each lancet having a removable endcap associated therewith, and at 
least one spring for biasing removed endcaps out of a path of travel of their associated 
lancets, said at least one spring being initially flat, and being flexed upon assembly into the 
cartridge. 

23. A lancing device comprising a drive piston, a drive spring for advancing the drive 
piston, and a return spring for retracting the drive piston, wherein one of the drive spring 
and the return spring surrounds an exterior poriiion of the drive piston, and the other of the 
drive spring and the return spring is captured within an intemal recess of the drive piston. 

24. A lancing device comprising a drive piston movable between a cocked position and 
a fired position, the lancing device further comprising a trigger mechanism having a release 
member defining an aperture, wherein an expanded portion of the drive piston is releasably 
engageable within the aperture of the release member to retain the drive piston in its 
cocked position until released. 
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25. A lancing device for use in combination with a multi-lancet cartridge comprising a 
plurality of lancets, the lancing device comprising a housing, a drive mechanism, an 
advancing mechanism for bringing the lancets of the multi-lancet cartridge sequentially Into 
engagement with the drive mechanism, and a depth-control mechanism providing 
adjustment of a depth of penetration of an active one of the lancets. 
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